Background {#Sec1}
==========

In December 2019, a series of unexplained pneumonia occurred in Wuhan, Hubei Province, China, and on January 9th, 2020, SARS-CoV-2 was officially identified as their underlying cause. Given the quick and steady viral spread, SARS-CoV-2 became such a big challenge for public health that COVID-19 was declared a pandemic by the World Health Organization on March 11th, 2020 \[[@CR1], [@CR2]\]. Several recent reports provide descriptions of the clinical signs associated with COVID-19. The disease ranges from mild infection to severe acute respiratory distress \[[@CR2], [@CR3]\]. Wu et al. reported the largest case series to date of coronavirus disease and graded its clinical severity among 72,314 cases. Among them, 81.4% had just mild-to-moderate symptoms, while in 13.9% they were severe and in 4.7% critical \[[@CR4]\].

A number of studies are now available in literature suggesting a correlation between COVID-19 and the cardiovascular system, in terms of increased mortality in subjects with a preexisting cardiovascular disease \[[@CR5]\] as well as a direct myocardial injury caused by COVID-19 and testified by a significant increase in cardiac lesion biomarkers \[[@CR3], [@CR6]--[@CR9]\]. The related studies are summarized in Table [1](#Tab1){ref-type="table"}.Table 1Related studiesPatients with SARS-CoV-2 infectionPatients with abnormal cardiac biomarkersCardiac lesion biomarkersNotesXu et al. \[[@CR8]\]5330LDH, CK, Mb, TNT-proBNPThis study shows that cardiac abnormalities including elevated myocardial enzyme levels (56.6%) are common in COVID-19 patients.Wu et al. \[[@CR6]\]188Abnormal hs-TNI 11.2%; 68.6% LDH abnormal; 76.1% α-HBDH abnormal; abnormal CK 11.2%; abnormal CK-MB 10.1%hs-TNI, CK, CK-MB, LDH, α-HBDHThis study assessed the associations between heart injury indicators and mortality in COVID-19 patients and that high hs-TnI on admission can be associated with higher mortalityBo Zhou et al. \[[@CR7]\]34Abnormal c-TNI 8/8 in very severe group and 1/26 in severe groupc-TNI, CK, LDH, α-HBDHThey found high percentage of increased cTnI levels in very severe COVID-19Huang et al. \[[@CR3]\]41Abnormal CK 13/40 (33%); abnormal hs-TNI 5/41 (12%); abnormal LDH 29/40 (73%)LDH, CK, Hs-TNIThey report a cohort of 41 patients with laboratory confirmed 2019-nCoV infectionChen et al. \[[@CR9]\]120Abnormal c-TNI (*n* = 12, 10%); abnormal NT-proBNP (*n* = 33, 27.5%)NT-proBNP, c-TNIThis study has shown condition of some patients with severe SARS-CoV-2 infection, patients might deteriorate rapidly a possible exitus was a fulminant myocarditis*LDH* lactate dehydrogenase isoenzyme, *CK* creatine kinase, *CK-MB* creatinine kinase--MB isoenzyme, *Mb* myoglobin, *TNT-HSST* troponin T-hypersensitivity, *NT-proBNP* N-terminal pro-brain natriuretic peptide; *hs-TNI* high-sensitive troponin I, *α-HBDH***α**-hydroxybutyrate dehydrogenase, *c-TNI* cardiac troponin-I

Cardiac damage can be determined not only by the virus, but also the drugs which are administered as a therapy against COVID-19, may have potentially harmful cardiovascular side effects and interactions with other medications \[[@CR10], [@CR11]\]. For this reason, they are under active investigation (see Table [2](#Tab2){ref-type="table"}).Table 2Active investigations on drugs administered as a therapy against COVID-19 that have potentially harmful cardiovascular side effects and interactions with other medicationsTherapyMechanism of actionCV drug class interactionsCV adverse effectsKaletra (lopinavir and ritonavir)Synergistic action as protease inhibitorsAntiplatelets, anticoagulants, statin, antiarrhythmicsAltered cardiac conductionHydroxychloroquineAlters endosomal pH required for virus/cell fusionAntiarrhythmics (prolongs the QT interval)Direct cardiotoxicity, altered cardiac conductionMethylprednisoloneAlters gene expression to reduce inflammationAnticoagulantsFluid retention, electrolyte disturbances, hypertensionAzithromycinMacrolide antibiotics with anti-inflammatory propertiesAnticoagulants, antiarrhythmicsAltered cardiac conductionCeftriaxoneCephalosporins antibioticsAntiarrhythmics, anticoagulantsAltered cardiac conduction

Imaging plays a pivotal role in the cardiovascular management of these patients, with the aim of improving their outcomes. This review article provides an overview as to strengths and weaknesses of cardiac magnetic resonance compared with echocardiography in the difficult management of these patients.

Cardiovascular Involvement and the Role of Imaging {#Sec2}
==================================================

A few studies hypothesized a potential role of this virus in inducing cardiac injury \[[@CR3], [@CR5]--[@CR9], [@CR12]\]. Although the specific underlying pathogenetic mechanism is still uncertain, several theories were proposed (see Table [3](#Tab3){ref-type="table"}). They include an indirect cardiac damage (i.e. secondary to respiratory failure or to an exaggerated immune system response) as well as a direct effect owing to viral replication in the myocardium \[[@CR3], [@CR6], [@CR13], [@CR15]\]. In this respect, it was recently suggested that COVID-19 as well as other coronaviruses may enter myocardial cells simply by binding type 2 ACE receptors on their surface \[[@CR15]\]. Current literature reports suggest a link between preexisting cardiovascular disease and COVID-19 infection severity. In the already mentioned paper by Wu et al., cardiac involvement was associated with higher and earlier mortality \[[@CR6]\]. Similar findings were reported in a meta-analysis recently published by Li et al. Patients with previous cardiovascular and/or metabolic diseases proved to have a greater risk of 2019-nCoV infection and a poorer related prognosis. In addition, about 8% of COVID-19 patients suffered from acute cardiac injury \[[@CR14]\].Table 3Theories on potential role of COVID-19 in inducing cardiac injuryPotential mechanismOudit et al. \[[@CR13]\]Viral infection directly causes damage to cardiomyocyteHuang et al. \[[@CR3]\]HypoxaemiaCytokine stormA potential role of activated T-helper-1 (Th1) cell responsesLi et al. \[[@CR14]\]Side effect of medicationAnxiety with increase of catecholamines

The studies hypothesizing that SARS-CoV2 infection could lead to cardiovascular complications or exacerbate a preexisting cardiovascular disease \[[@CR4], [@CR5], [@CR12], [@CR16]--[@CR18]\] are reported in Table [4](#Tab4){ref-type="table"}.Table 4Studies hypothesizing that SARS-CoV2 infection could lead to cardiovascular complications or exacerbate a preexisting cardiovascular diseaseCardiovascular complicationsMyocardial injuries \[[@CR3], [@CR6]--[@CR9]\]Acute myocarditis \[[@CR12]\]Fulminant myocarditis \[[@CR9]\]Cardiac Arrest \[[@CR2]\]Acute coronary syndrome \[[@CR17]\]Arrhythmia \[[@CR2], [@CR5]\]

Given the risk of virus-induced myocardial damage, cardiac complications, and drug-related cardiovascular side effects in the COVID-19 setting, cardiac imaging is likely be required in the care of patients with suspected or confirmed coronavirus infection (Fig. [1](#Fig1){ref-type="fig"}). It could be useful in diagnosing, monitoring, and perhaps predicting prognosis in those infected and with cardiac involvement. We will focus on the comparison between echocardiography and cardiac magnetic resonance imaging (c-MRI) regarding their own pros and cons in the cardiac management of patients with COVID-19.Fig. 1Suggested algorithm in the cardiac management of patient suspected or confirmed COVID

Echocardiography {#Sec3}
================

Echocardiography is considered an essential tool in evaluating cardiac structures and hemodynamics in many different cardiac disorders \[[@CR19], [@CR20]\]. It is one of the most powerful diagnostic and monitoring tools available in the management of patients with acute cardiovascular disease \[[@CR21]\]. In those patients who are hemodynamically unstable, echocardiography allows to evaluate vital parameters such as global ejection fraction, wall motion abnormalities, cardiac output, and presence of tamponade. All these parameters can be done quickly and noninvasively at patient's bedside.

In the setting of COVID-19, echocardiography can be used to assess cardiovascular function in terms of chambers dimension and contractility. The possible presence of pericardial effusion can be detected and roughly quantified as well. It allows a diagnosis in case of COVID-19-related heart involvement, but also to periodically monitor patients, owing to their risk of worsening in a very short time \[[@CR21]\].

Echocardiography is recommended as the first-line imaging test in many cardiac diseases \[[@CR20]\].

In a position statement of the European Society of Cardiology (ESC) Working Group on Myocardial and Pericardial Diseases, it is clearly recommended that all patients with clinically suspected myocarditis should undergo an echocardiogram at disease presentation \[[@CR22]\]. In addition, the American College of Cardiology (ACC) and American Heart Association (AHA) recommend the use of echocardiography in other scenarios, such as ischemic heart disease and in the setting of arrhythmias \[[@CR20]\].

There is no doubt that echocardiography is a safe, versatile, and widely available technique. It allows to evaluate and quantify global and regional systolic function and monitor any possible changes in cardiac chambers size, wall thickness, ventricular function, and pericardial effusion. However, it also has its own weaknesses, such as inadequate myocardial tissue characterization and suboptimal field-of-view in the setting of poor acoustic windows. High interobserver variability is another common issue with echocardiography. Ventricular contractility can be evaluated more in depth by using post-processing advanced echocardiography (*strain, strain rate, speckle tracking*), but it is a time-consuming technique, a significant expertise is needed, and it is likely to be useful just in determining prognosis and for research purposes.

One aspect to take into account when monitoring a patient with suspected or confirmed COVID-19 is the risk of exposure of healthcare workers. Wu et al. noticed that 1716 of the 44,672 (3.8%) of infected individuals were healthcare workers \[[@CR4]\]. In Italy, 20% of healthcare workers were infected, as reported by Remuzzi et al. \[[@CR23]\]. All doctors and technicians involved in scanning these patients, either by c-MRI or echocardiography, should wear masks, plastic glasses, gloves, and scrubs. Related machines, probes, and rooms should be accurately sanitized after each examination. At the moment, there are no clear protocols, although some protective barriers and mandatory hand hygiene (every 2 h) seem to be effective \[[@CR24]\].

Hence, imaging should be performed according to local standards for the prevention of virus spread. Reports have suggested that transmission occurs most commonly via respiratory droplets and airborne transmission \[[@CR25]\]. Echocardiography carries a higher risk of spreading SARS-CoV-2 during the examination compared with CMR \[[@CR26]\].

Cardiac MRI {#Sec4}
===========

C-MRI is gaining a leading role in detecting and monitoring cardiovascular damage. It is an excellent tool for functional and morphological studies and allows also a reliable tissue characterization \[[@CR27]\]. It is the non-invasive gold standard modality for quantification of left ventricle (LV) function, volumes, and mass \[[@CR28]\]. For all these reasons, c-MRI scanning is entering the various guidelines as a strong recommendation \[[@CR29]\].

By using a standard protocol based on functional sequences, such as cine white blood steady-state free precession (SSFP) on the short axis and long axes (2 chambers, 3 chambers, and 4 chambers) and tissue morphological and characterization sequences such as T2 STIR (short tau inversion recovery) on both short and long axes, T1 pre- and post-contrast mappings, T2 mapping, and LGE (late gadolinium enhancement), c-MRI can provide a range of useful information for differential diagnosis of cardiovascular diseases \[[@CR30]--[@CR32]\]. In fact, it can be helpful in differentiating between ischemic and nonischemic acute myocardial injury, such as myocarditis \[[@CR33]\]. Moreover, c-MRI may play an important role in diagnostic and therapeutic decision-making as well as in predicting prognosis \[[@CR30]\]. LGE proved to have a prognostic value since patients with areas of necrosis and fibrosis are at increased risk of adverse cardiovascular events. In particular, the more extended fibrosis at LGE, the higher the risk of potentially life-threatening ventricular arrhythmias \[[@CR34], [@CR35]\]. On the contrary, LGE-negative patients have an excellent prognosis independently of their clinical symptoms \[[@CR36]\]. Parametric mapping techniques such as T2 mapping, T1 mapping, and ECV could increase c-MRI diagnostic accuracy. Specifically, the T2 mapping technique can accurately and reliably detect areas of myocardial edema without the limitations of qualitative T2W imaging \[[@CR37]\]. Again, native T1 is sensitive to intracellular and extracellular changes in free water content and its relaxation time increase during acute inflammation, vasodilation, and hyperemia. Lastly, ECV is a marker of myocardial tissue remodeling and, compared with LGE that allow the detection of focal fibrosis \[[@CR38]\], may assess diffuse fibrosis and inflammation \[[@CR39]\].

Thereby c-MRI, in COVID-19 patients with suspected myocardial involvement, is the only noninvasive imaging modality that allows a tissue characterization in terms of assessing the possible presence and extent and prognosis (reversible/irreversible injury) of myocardial damage.

The use of c-MRI is currently limited by low availability, costs, being time-consuming, and patient's intrinsic or extrinsic factors (i.e. ability to hold breath, claustrophobia, metallic implants, allergy to contrast media, arrhythmia) \[[@CR31]\]. The situation as it stands, doing a c-MRI scan in a COVID-19 patient who is ventilated and often intubated may be troublesome. A possible solution to reduce the examination time is to use a modern magnet with a reduced time of scanning. Applying a specific short protocol (for example with the only acquisition of SSFP and T2 mapping sequences to assess cardiac chamber volumes, global and regional kinesis, and the presence of edema) may be very useful as well. As soon as patients are discharged from intensive care unit to sub-intensive ward, a complete protocol including LGE for fibrosis (permanent damage) is likely to be feasible. Lastly, given the severity of the illness and the primary aim of urgently managing infection and respiratory failure and also the risk of exposure of healthcare personnel, a significant issue is represented by the risk of spreading the infection when moving a patient through the hospital to the c-MRI scanner room. The latter needs to be accurately disinfected after the exam.

Conclusion {#Sec5}
==========

In the setting of COVID 19, a significant number of patients have a clear concomitant cardiac involvement \[[@CR14]\]. Although the specific underlying mechanism of myocardial injury during coronavirus infection is still under debate, heart entanglement is significantly associated with fatal outcomes in COVID-19 infection. Cardiac imaging modalities such as echocardiography and c-MRI, with their own pros and cons (Table [5](#Tab5){ref-type="table"}), are both potentially useful in helping to make an early diagnosis and thus ultimately improve outcome. While echocardiography allows a prompt diagnosis and is more handy for patients' tight monitoring at bedside, c-MRI appears very promising in refining diagnosis (ideally by using a short protocol in the acute COVID-19 phase and the usual complete protocol at the time of discharging patients). Overall, echocardiography and c-MRI can be considered complementary in patients suspicious of cardiac involvement of COVID-19 and should be routinely used.Table 5Cardiac imaging modalities with their own pros and consCardiac imaging modalitiesImaging modalitiesStrengthsLimitationsEchocardiographyNon-invasiveFastSafeVersatileWidely available techniqueUseful in emergencyFirst-line in many cardiac diseaseNo radiation exposure or use of contrastInadequate soft tissue characterizationPoor acoustic windowsInterobserver variabilityCMRNon-invasiveTissue characterizationHigh spatial and temporal resolutionExcellent reproducibilityNo radiation exposurePrognostic valueLow availabilityCostsIntrinsic or extrinsic factors of the patient (claustrophobia, metallic implants, allergy, ability to hold breath and arrhythmia)Long scan timesUse of contrast
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